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PREFACE 


As is Inareatedzby the title of this@tnesis. 
the author intended to study the cffect of 
both vacuum and pressure on the process of 
differential thermal analysis. However, 
because of unavoidable time delays, in the 
Procurement of the material noch tTO 
Convert the Cxisting UEC 

was not sufficicnt time, avail libptestor 

tho study oft the cifect or DOLD 7٦ 

and pressure, TME Ee TOE SEO Pon 
this paper has been 6 480160 :بب +4 و“‎ 
study of the ب7 7ت‎ 007 ) 44+ Ne 
process has been accomplished. Tats 7 


15 2۳ 9۵1 9 IN thé 06 ۱۶۹۷۷777636 ٦ 
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INTRODUCTION 


In working with clays and soils, great difficulty 
is often encountered in identifying the minerals in 
the finer fractions. Inasmuch as it is these finer 
fractions whieh have great effects on the engineering 
propertics of souks, it is necessary that ase 77 
meehod of identificetion be evolvod. Ue petrographic 
method is sa'tisTaetory for the larecr grain siae ringo; 
X-Ray diffraction will show certain crystal CH 
istics of the Miticr™grains when ty occur EM 
large proportions; chemical analysis will give an 
accuratc analysis, but the meted iW و 0 0 19 با‎ 
expensive, andthe rrosud'tsedosnot Indre Ce ٣١ 
in which the constituentswePc combined. 

Diffcrontial thermal analysis is sweechnigug for 
thc sbüsy Of Ccortain thermal characteristics of ٣۲ 
771767 حر اللہ‎ Basically, diiierent lal e theema liar +۳ 
cata of comparing tic thermal propertics otras 
substarcc with thosc of an inactive SUBSE RCE 70 
0ا‎ 0701171111 0:1:01: "arce bowie ncatcd +٣ 
During th®s neatinc procoss, 0ہ 97 6> ط6‎ 200 ss 
turc And adsorbed moisture “contcnt crf ارو‎ are SE 


NOTE: 
Thmsusuout toco paponm, ALL -numbers In 0 ۰۲۷٣٣ 
to” corrcspondimg item numbers in the Bibliography. 
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and this PESUT GIMME LGS or Amembıtron of heat, 
Since. there aft ma structurs! changes in BEEN 1 
material, therdifierencemin temperature BE ECR ThE sonl 
ond tho «inert mer lal is ammeasure of the change occurr- 
ing insthomsoil:- m Eachimincral has a characteristic 

curvo of thermal change. 

Poi tiani investigations ol minerals using 6 
method arc credited to Le Chatclier (1887), who is 
gcnerally acknowledged as the originator of the techni- 
que. A few years latcr with Saladin (1904), Lc Chatelicr 
presented 2 paper describing semcdificd apparatus ews 
thoy wcorowunablo- to cmgobmPPpro:duougble en S 

In the poriod that followod, Wallock (19153) studicd 
clays while Wohlen (1913) studied clays, bauxite, and 
allicd materials. Houldsworth and Cobb (1922) and 
Kurnakov and Urazov (1924), applicd thermal analysis 
to siniliar substances. 

It, was not until recent years with the advent of 
improved rocoreing and temperaturc control equipment 
thateinvcsticators. couldnchtainsrepr duicaibic ic 77 p x 
sentequentictativa informaban. Mike modera cra machito 
intensificd stw@y of all aspects of the تا‎ aa 
in Franco by Orcel and Caillere (1933) AA ca 
Statesmwith Insleyenn?é Ewcll (1955). Durinekeiıls period, 
many. papersewere presented one romb peeta of 


diffamential themmal ana lgê laf, some of the more notable 





E 


nro: Caillere (1933-1934); Dubois (1936); Kazakov 

and Andrianov (1926) on methods used in Cifferential 
analysis; Kumanin and Kalnen (1936) on theory; Menshutkin 
(1936) on history; Orecl (1935) on laterites; Thilo 

and Schunemenn (1937) on pyrophyllite; Wilcox and 

Bossard (1956) on self-rceording apparatus; and Norton 
(1939), 2n an evaluation ^f the method as applied to 

elas mincra le. 

Orccl (1935) presented a paper giving thermal 
carves for most of the cley minerals and fer any mesures 
clays. In this paper Orecl smegestecathe ۶ 
21 quani tative measurenicnt as woll as quali ۱ ۱ S 
but no analysis was attemptec until 1938 when Norton (18) 
6761000 0 

In rcont years ULhomapgmlicatliems ۶۷۳+71 
thermal analysis have becnonumorous 7 EUR 
particyuwer intcrest se ‘the shits ongincor rc tho 
eritiesges tuliss 2?femany clay minerals an TOETA TEA 
ane ا‎ (7), and basic inf-rmati n on tho gen m m 
appiuxesbicnosfubhesmotho»cspPosenbtoswiunel9o40 7 SA 
Berkelhammer, Pask, and Davios (21). 

Researeh Project 49 ST 0 ۱ ie 
Institute, Gconcucted by Kerr, Kulp, and ham ) M 
hapeecced considerably to thoemavailophi m I ru tui 7٦ 
thoir application sf 3 sn «ih 0 +۶٣٣ 


differential thermais analysis to 0ة ۶ )۱ء‎ 
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TONS 5 وا ۲7770107770070 :1011111۳ 0 0ط‎ This is part of a 
peaject beiic capi an by thce Americani ketr ileum 
Instituto which has as its ultimate goal "to assemble 
and completely escribe a suite of rofcronco 39880 ۶ 
which might setve for pūurprses ob comparison in tHe 
general field of clay mincralogy." 

He cifterential thermal meth»2,o bo mmalysds of 
samples Has as Tts purp>se thew»eentiuificatlonw Phe 
minerals (clay minerals ^r other mincrals of "clay-size" 
particlus) present in the sil, aw a 7 
the relative abundanee > these minesals. ep i. 
fication ef tho mincralsipresent 00070700 +1 s 
äeesmplished by comparing the cifíierentinl thormal curs 
obtained fromea trial run wath the ۳٢ 
runs on known materials withenll runs conecucted uncer 
similiar physical conditions A mene 7 ۶ ۲٣ 
of the .thecry involve is made later in MENDES 

Work on the identification of clay minerals by 
differential thermal analysis was initiated at Renssalaer 
Polytechnic Institute in 1948 by Costcllo (2), who used 
a tube furnace for hcating the samples, measured the 
temperatures with a portable potentiometer, and con- 
trolled the heating rate by manually operating a variable 
transformer. In 1949 Bystrowski (1) added an autographic 
recorder for recording thc sample and differential tempera 


tures. In 1950 Hoskins and Hudson (10) added a poten- 





tionmetcr pyrometer and conductcd investigations to 

ase retain the eifect of yariapic conditions. = heating 
rate, mineral grain size, 6064 - on the differential 
thermal curves of certain minerals, In 195! Merr)t and 
Whito (17) conduetcd further 77006106 7 
effect of tne same and other variablo factors = pre at= 
mont of sampiic, lon saturation, weicht of sample, 7 
Of sample Weight to standar weight, ~ which 
7۲٦17001676 a quantitativo analysis of ciay minori iek 

In 1953 Harper and Kitterman (9) made certain rcfinements 
of the apparatus in an attempt to minimize experimental 
errors and obtained differential therm! OHT 
stated weights of several of the stancard clay min@rals. 
The work of the~suthor of this paper ٦٣ 
a logical and practical extension ۶۶9+ 7777٣٦ 
work in the improvemcnt of the method of dctermination 
of clay mineral contento ۹۹۹ 0 


thermak analysis. 


e 
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General 

The theory of ülfgerential thermal analyses as 
outlinedZbyzspeiizinZI 925 nagi ed by Kerr i 
and Hamilton (13) is included in this study to aid in 
interpreting the test results which are presented laton 
inmohig paper. Thoowdiäivation Jh 5tcecntiredyaniseorous 
but it docs take into account Ghose factors Which mor 
mally affcet the curvesswikhin the limits of sp riy m= 
tarerror. 

Two methods of study may be used in connection 
with the thermal properties afemznerals, Hiie 
static or dynamic methedzs?Therting may BG aC 
a substanca causing It to undergo chemical er physica 
changes. The static moto تی‎ 01۶۶ ۹۶٣۳ 
uses a static mothonrn of hcating and is oo 70 
the determination of the percent loss of weight as a 
function of temperature. This method has certain in- 
herent difficuities of measurement onc پ پیٰ۰ ال‎ ٹھ٦‎ 
believed that the method of differential thermal analysis 
effers greater possibilitics for tho stu UMEN 
702000700090 ٦ 

Differential thermal analysis consists of comparing 
thezthernmal properties otf ze tiv ت۳ت‎ ٣۰٠۰۰۷۷٦ SC 


of a thermally inactive mater@al by heawine the matcrials 


mmm > 


- سس ی 
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atma- constant rower upeo ۱۰۰۴ 0010 ت‎ ٣۰۰۳٦1۶ ت‎ ٣٦٦۰٦۰۰۹۳ 70۰067 7 
27010۰ 

The temperatures of both the active and the inert 
materials arc mcasured by separate thermocouples, while 
the difference in tempcraturc between the two materials 
is measured by 2 difforential thermocouple conmectinga 
the two substances. The chamecs Bn the active 760 
Wien cause those dribheroncos Di temperaturo may De 
considero” a cehycration procems, or A CEC MBS CSR 
process. Suitable cquipmcnt records the temperatures 
at which the thermal chanres tako plico ad mE] 57 
intonsitics of these reactions.” Tae {ina 8. 
appear as ^ ۳نا ہ>‎ 0۳۵۱۷۳۷۱7۰۰0 CM SG i fememoc 
betwcon tho active an? inert matcrials (usually cxpressed 
in millivolt equivalents) as a function of the tempere- 
tume of the active material. 

Dehydration procuces an 65081667167101 66 ۶۶٦۷٦ 
which be sample absorbs more heat than the standard, 
Aa tale temperaturo of tho sample e Rp l mm 
that of the stancard. This tenperaturce tao aa 
an electrical potential in the ١1٢٣٣6 6 ک8‎ ۶ ٦ 
which causes a Aisplaccment of the OM Fere E IE 
Lupo euürvesins. nesative Tirseticn, 

An endothermic rcaction peak 190 5 1 ٣ 


It 


Pol ow temperature "a", ؟'ٰ9 ۶ء 660 صا‎ tn pn e 


eruples, sampls anc incrt matorial ۶۲۳ 
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dif forcnce in vho terporature is recerdec. This straicht 


base lime e displWaceée up or Wwn in small amounts 
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accordine towthoonredbstüuvemthermal conduetimitsest the 
specimon and the inert samples and the specific heats 
of the specimen and the inert sample. This displacement 
docs not Uabiect the remeras shapeeof thas curves 

Meee! in Ficuro l tho naaction in tho-mincral 
Droer eds to absorp heavy from 9 ۳٤۰ 
sempe" thormocouple bceomes cocler than ther thermo= 
ا 677 0001 :16010110 جا 0 76000 7ن ک5‎ ۹ 
until at "b", there cf heat abs lll DTD ۰ + 7711 
reaction equals the rato of cifforcntial hea concuc— 
tivisey into the epccimem.  Thersaftor, the rate cf hoat 
cbseEmpisen comtimnusseto deereusc memo rapuNe y than the 
inflow of heat from the block. At some point "a" between 
Wb" and Ne! the moaetieomns eeasesç This printi ish k 
kmaun, exactly, and therof ore poimts hd MIO usano 
usually. choscn as the limits of the reaction. Point 
MORET S thc position at which the temperature of beth 
samnplemanc inci neePIS are cain icontbtcecal, 0 
curve "a-b-c" may or may not be symmetrical 1760 
^n the nature of thc ohanse. If thé ma irl has on 
unusually finc particle sizo, or ٰ؛ں‎ 9 en 
mass durime deesmp>siti:n, the backe Tape Mi DE COR? 
siderably stcecper than the lower temperature slope as 


a result of competine heat eficeus. 
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Docompasitaenaprsgucos an omothermic rcaction 
nrosultinro MMC bircan cof the cricinal crystalline 
structure فا‎ time heat is ۷۷۷ the 
active material causinr the temperature of the sample 
to be hirchermthonm hat of the standard. The direc, 
of the inducod eleste -mativo fores in the differential 
themmeceuplice Cuc t5 .anwexothebrmpewnoseti]ounmeis 00.6 


to that of the flew camescasby an ondabhormic reaction 


amas results in aycisplacement eam the. dimitercmiral  tenverda— 


turo cúrve in a و(‎ 97۷ 

If EHO samp lesan mo tandia. matorial arco at the 
samo temperature, nee motive  , 757٣ 
differential thormol cumulum a test ein ٦ 
Derivation 21 0 

Tho ecquation developer. by Kopp. Kulo: SON n Aa 
(13), consicors thc 1367017687222660 ۹۲٣ ۹, 1-71 
flow ^i boat from tho samplc bl»ck tr the ukemnmocauplee 
in thc egntor >f the sample. an” the heat obsembedmer 
evolve" from tho thesemal rcaction within the samp Tos 


This aquatinnzwas cbtained byssaustinssthree Ferner 


l. Tho quantity >f heat which 3ث ئ۶‎ ‪ ٤۳٦ 


towards the centers of the twa aanp و‎ s 


and is absorber ۵ thie ۱ 07:701 ٣ 


ce, The quantity of heat which woul L dB 
an cxothgermieo roactien or subtract Eby aq 


encouhermicerc OC Gia 7 ۶۹ 7٦ 
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CONSTA ECO AO UOSIMOmwuC bloshNoOPr any other 
surrounding material. 

3. The quentity OL HOU TOOT OG IN TOG tho 
temperature of both theractive and inert 
material. 

Inasmuch as the complete derivation is quite lengthy, 
only the final equation is presented below. Inthe هت‎ 
the reader dcsirecs the complete derivation he is re- 
spectiully rcrcrred torthe paper by Korr, ad 
Hamilton (13), in which this dcrivation is presentcd. 

Equation: m - ET „gan dt 


the mass of roactivo material in the 


in Which: m 


8 7 


geomotrical shape constant 


AH = the heat of reaction per unit mass 
7+“ aR 
- AT = the temperature dime rence 71 
ki by the differential ۴7تٹکٹ‎ 7 
dt = a dificrentinl interval ote cine 


a and c = the integral limits of tho difforon- 
tial temperature curve for an en- 
dothermic or exothermic PONENS 

The above equation neglects the temperature gradient 
in tho samplo and tho incrt material by assuming both 
gradients are the same. This is based on the assumption 


that any tempcraturc gradiont that may oxist is much 





s 


smaller than the ۲670 60771711710: 6 0 16 6:1 753156081 by the 
reaction. The derivation also assumes that the mass 
of both the test sample and the standard are ogual, 
that tompeamwature differences between the máicllilesb lock 
and the stamdardrare small and rthsatochangos Che 
mean specific hcat and thermal conductivity of the 
sample are small. 

Tho equation says that tho arca undor tho dif- 
ferentinl curve (as under curve a-b-c in Figure 1) is 
proportional to thewmacs ci 60 sm ۹۹۹ ۰۷ 
relationship wíll*bc lineal if tHE thermal con@@ictivity 
of the materials remaíns constant throughout the test 
since the geomctrichAil shape factor and theol of 
FEA CIO omekeonstänt-Ter 4 given materin ar Gi t 
test conditions. However, thc work of Kersten (15) 
has shown that the thermal conductivity of soils does 
not romain constant but varics with density, moisture 
content, grading, mineral composition, and mean tempera- 

Selecting tho limits of the difforentia 1 1 7 
curvo is purcly arbitrary, and for this rocas Eh 
under the curve is often difficult to Tix: Fri i ME 
many investigators are content with establishing 
a relationship between the amplituc@mol Ghee peak re- 
action and the quantity of the active ۷۷ ۷ ٣ 


buting to this reg@etion. 
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EQUIPMENT 


General Description 
The equipment used throughout the study was the same 


basic equipment which has been asscmbled by previous in- 
vestigators in tho field of Differential Thermal Analysis 
at Rensselaer Polytechnic Institute. Certain changes 7 
ühe egutpmcnt*were'necešssary to permit cho application of 
a vacuum to the sample holder whilc the test was being 
conductcd. The "equipment has bccn ۶ٔ 70 
laboratory from that formerly used and ths necessitated 
a fow minor changes in the arrangement. A complete des- 
cription of the basic cquipment uscd and the changes made 
is given beliow. 
Furnaces 

The three clectric test furnaces uscd were horizontal, 
heavy duty, combustion typc, Hoskins Modcl FH-305, 12 
inches long with an inside diamotor of 2 1/32 inches. 
These furnacos all used 1750-watt hcating clomonts 
supplicd by a two-kilowatt transformcr with a maximum 
output of 17 volts and 118 ampcros. A switch painoni ane 
knifc switches was used so as to be able to utilize all 
ef the furnaces with tho ono transformer. tne (1005 
normally use a l2-inch combustion tube with an inside 
diamcter of 11/2 inchcs. This tubo is madc of cemented 
alumingge is very porous, and™@is unsuitaple 75۶٤ 


process. 





Sum 


HapnecewNo. lwwES umehanped. In Purnace No. 2, tho 
cemented alumine combustion tube was replaccd by a 12-inch 
combustion tube made of fused quartz and fused silica with 
a sand surface fimishy ka Fumasce No. thc cemented 
alumina combustion tube was replaced by a 24-inch combus- 
tion tube mado of fused guartz and fused silica with a 
sand surface finish. The 24-inch tube was ordcrcd with 
encwend closed and the instdaec of ithe othemmend 6+04 
finished for rubbor stoppers. ~These fusca silica and 
fusod quartz combustion tubes were procurcd from the Thermal 
Ssyndice@tc, Ltd, of Lynbrook, New York, under the trademark 
trossi! 

Sample olas es 

The semplic holders used@ingthemciudyaver>c, Chet ye 
developed by des E. Munzcr of the Barca R 8 sm TE Te 
Polytechnic Institutc. The 900م‎ 1606160 601 7 
nickle block with two sample wclls, one for the test sample 
and thc.othcr for the thermal standards 0۶ن‎ َ ٥٢٠٥ 
arc scparatcd by a slot, 1/16 inch wido and 1/2 inch deep, 
to reduce the heat transfor between the ed jaeenizye rs; 
Bach well is so constructed as to bo ablo to secommaautc 
two thermecouplcs; onc a conventional tomperatmurezmeasur- 
ing thermocouplegsand the other a Menem bnr. 
thermocouple which is ussd to connect the two wells. The 
samplesholder vis socurea teogassteel aro osos +6 


handling. This rod 21s0 ٩92۷۰ 5 a convonicnt ٦ 
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for tho p oro Paemmrubs insulators which carry the thormo- 
وروی‎ ۵ JleagqsamasiqeoethoÀ fupnnsces 
Thermocouples 

All themuocouples wero madeo- Sro Brim and Sharp 
18 gagc chromel and alumcl wire stock and were fused by 
using an@@icctmic arc. "This type of URES UPS very 
satisfactory because of the smallebead atothc joint. “ae 
differcntial temperature thoprmocouplo is made of two loads 
omechromel wire bridged by 5060160656 > ۷۹۹۷ 
Tae thermescuples junctions EFC 0ا 0 ا۱ وب ا کے‎ 1 - ۷۷ 
wells in the samplcshslder and held in place By رز‎ ۶ ۱ 11 
tube insulators which carry the بی ماسجا‎ 0 s ۶۲۳ 
of the ۱۱۵۵0۰ < Thero, the 1 CIS SED. MCA 
ofan octagonal plug to a circuit, whim is Conni E 
a terminal block in the cabinct, house tho romordyng 
equipment. The use of this second circuit th CT 
nal plugs pcrmits casy connecbáon of@the roeondáne? seu 
ment to any of thc sample holders in any of the furnaces. 
e co ande Tostor 

A smell thermocoupilo toster-covusdopedabs Mbps 
anc Kitterman (9) was uscd quite succcssfully in testing 
Lbhweccoemesnulty of the circuits in each amp koe Ts 
mais tostor consists of a small D. C. ۸706 e 
when using a currcnt from a flashlight Donn ry can We 
conneetcd in suceossisn through a muti 7727 


switch to cache of the three therecnsupleszin the sample 
jo l om 





see 


Recorcing Equipment 
A Spcedemax - Typo G, Model S-60000 Serios, self- 


balancing recording potentiomotor, manufacturod by Loods and 
Northrup Company, is used te Peécord the imternal tenperaturc 
of the sample ™and tho cifference™ between the temperaturc 

of tho sapie ma tho Märt standard as - 7 72 
differential tomporature م7‎ 6 71761011000707۰7 are 

Gap ob lew of mecırdingmtenper atures frameO to 1200 degrees 
Conmucendemaadediffcrontial teomperatures* ranging between 
plus 1.5 and anus 1.5 millivolt couivelentoee When 
oporatcc 2s awtwo-point recorder Cho thermal cuntomi 
plotted directly on paper calibrat Omin Gp END MEM. 
With successive points being plot 111 6 ٥٦ 

Dies evalusetiom ^f theeiificrentismernermal “curve eau tres 
Lhogsupenpimessitionp f ^n equivalent millivolt scalo; 

A Brown Recording Potentiometer ۷ 
113661-X53#1-E, manufacturcd by the Brown Instrument Com- 
pany isaliser te recarce the tcmperaturcy or thems roncame 
amd to Mo the rate sf inceroasc in furnacc wuempema- 
ture. Tho thermal standard temperature 1S BEING 
tinususly with a tempcrature rangc of O to 200 aceras 
centigrace. 

Hempcra cure Contr s 1 

Temperature Contr>l is offcecctcdifpyulne am Ko rp n 
2f gears in the chain drive mechanism »f thc Brown Pes 
tecntiometer which controls the rate oi treyvcl 51 A Pan NM 


aer>ss the temperature scalc. Tho actuel chango 11 ۱ ۵ 
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to the transformer is effected by a@ motor driven variable 
transformer, Variac V-20, having a rated output of 3.45 
kilowatts and operating between O and 135 volts. This 
Variac is placed in series between the power source and 
the furnace transformer=and™ therefore 30 tne 
voltage input to the furnacc. The Variac is actuated by 
the relative position of thc tomporaturo indicator with 
espec our tae constant travel pointer. 
Vacuum Equipment 

The vacuum was crcatcd by a CENCO Prossurvac 4, 
pressurc-vacuum pump manufacturcd by the Ccntral Scienti- 
fic Company. A "U" tube was uscd as a vacuum gage. This 
tubo was filled with mercury, closed at cnc enii and 
eonncctod withwa “tee د‎ tho ۰ 
Preparation Apparatus 

Materials to be testcd were prcehcated in an Elconap 
Oven, Medel DPC-M-60292, manufacturcd by the Hlectric 
Heat Compbrol Apparatus Co., Newark, Now Jcrsoy. A Hevi- 
Duty Multiple UnitzEleetric Mufflo Furnace Eyn S 
manufactured by tho Hevi-Duty Electric Company, Milwaukec, 
Wisconsin, was available for calibration sad ٤٥ 


thermocouples. 





ee 


EQUIPMENT CALIBRATION 


Recording Equipment 


Both autographic recorders are cquipped with com- 
pensators which automatically correct the millivolt cqui- 
valent inputs from the temperature mcasuring thcermo- 
couples for variations in machine cold junction tempera- 
pues Ihe ۳00۵۳005 ۷۵۳ 7711 4 ٣٦ 
o ir initial installation. by J: E. Munzer and by Hudserm 
and Hoskins. No troubles were encountered in the use 
Of these. rocorders. 

Differential Thcrmocouples 

Tae differcntial 6167۰701660111) 1 و‎ 
insure their proper reading. Inis Waos ac omp e DT 
running a differcntial thermal test with eacm diit TE 
thermocouple ina sample holda@cr and the wells of the 
sample elder were filled with an equal 7 1 7٣۳٥ 
nmstoplwW alumina. 
eee n Pure Thermocouplcs 

All thermocoupics wero calibrat by ۱ و‎ onen 
in the Muffle Furnacc with a standard thoermoeoupe pn. 
hcating them to 2 tempcrature of 1000 degrecs centigrade. 
The thermocouples uscd woro thosc mateo Ba 
Kittcrman (9), who used an clectric are for fusing the 
ends of thu wire together. The two thermocouple Wie: 


Were Used as once clectroce sn osha low slave. om 
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mercury submerged IN 2G GUC ROR OIL, as thoe other 
electrode. This type of mMeldaine of the thermocouplcs 


produced very satisfactory small beacs at the joint. 





General 


The 


- 


PROCEDURE 


differential thermal procedure is one in which 


it is of the utmost importance to maintain uniform 


test conditions in order that reproducible curves can 


be obtained: This- fact, 66066517707 01۲٢۰66 86 7 7۵٣۳۲ 


made under the theory, permit the listing of certain 


pacorotical requirements which must bo takonfinto cons 


sideration in®the application of differential +61070 


analysis. Thc most important of these requirements, 


as listed by Lambc (16), arc as follows: 


۳ 


ya 


= 
ےہ 


The mass, specific heat, and thermal conductivity 
of thewssmplc must be cqueat to 6 PEENE 
heat, and thermal conductivitsy Of rie با‎ 
material. 

fhe beads of the trermocoupicesmius, hem ٣٠٦ 

at toc centers of tho sample ۹ ۶۳ 
“material in their 30ت‎ 6667706 ۸ ۶٤ 
(9 ۲ 

TheminertWmaterizl must not havo 17٤ 
reaction in the temperature range used (must 
| MORES 

The mass of the sample بط‎ 9897000۶٦7 

largo with 03 0-600560006711 ۷۷۷" 76 


and the incrt material فا ادن نت‎ ى٦‎ 





ser 


ca irc thermal rceserveir is croated. 
o. The sampic holder must be symmetrical with 
respect to the location of the sample cell 
and the inert meterial oem]. 
6. Thes»particles+sizc showldsbe»smalll so asio 
ebtain as geeat specific surfacc as praeticablo. 
It was determined by the investigator that the 
procedures Ss rccommcndod by Merritt and White EA a 
which had beon developed for use with the equipment 
essemblcd at” Rensselacr Polyteoehnic Mesta cute end 
be followed 17 ]ب0‎ current invest mea r, mm ۶ 86 
investigator would bc within the gencral procepts as 
owtlincd by Lambe above. 
Clay Mineral Samples 
Thc four clay mincrnis uscd ia the toss WOPC; 
H-4 Kaolinite, Macon, Georgia; H-l2 Halloysite, Bedford, 
Mmatenaseath-=24 Bontoanitc, Otay, California; ana mes 
ito. orris, Illinois. Tho clsy minerals Were wore. 
GSi pom ask Netural Scicnec ان نا وت‎ 7 +7 
clays Werc callceted and identiftiddgbyethe 571677 7 
Petroleum institute Project Wow thin  َ۶9۷)۹٤۷ 
With university, dSmdustrial, and thor ۷۷ SN 
The Clay samples wero ground and 7 1٢ 
the semples used in the investigetions wore composed 
of the finer fractian, 200 08687000000100 Oe 


This size was uscd to »btain as lamge =a specific surt ٩ 





eat 


25۱۹78 607671 

The Sicved Sit@bcrial was pilnecd in evaporating dighcs 
in a drying oven sct at 40°C for a period of at least 
24 hours pricr to testing. Because material of tits 
grain size has a tendency to aggregate upon drying, 
cach- sample was resicved immediately before boine +٦ 
ines amp Ec black. 
em Standard 

The standard material used was gamma-aluminum 
oxide (alumina) from tho Aluminum Company of Amcrica, 
Chemicals Division, Pittsburg, Ponnsy 778787 707 
material wes ground and SIEGE to theo ۷۹ 1 ZC 
<5" ۲851:7617 71767215۰20060۰6 31۰۰۰۰٣ 

Lambc (16) has stated that tho alumin CLD 
moisture very )؛) ۶ ۹ 7 ۰" ۲616 7001 ۵3۴ کر‎ ۶ 
reas»n must be prohestco tomat Tocant وہ‎ and chen 
cR, wjohdn ^ fcw hours provioSus t° cachito rua. 
However = cortain tests concuctod by Harpor and Kitterman 
(9) won no detrimental effccts if the alumina was 
heatec t> 300°C and then place in the 40°C Crying 
oyen te remain until placca 1۳ samplo holder oe onm 
ly, this wes the method used TIF 7 +١٢٦٢٦٢٣٥٠٥ 
in thc same contition for all f the tests comence, 
Heating Reise 

The heating ratesirecommendec bonum MU UMS Eas 


tors in the field vary 6 ٦ 1550 per minuto 





(600° t> 900°C por hour) with a major portion of the 
work being conc at 12.5°C per minute (750°C per hour). 
However, Merritt and White (17) have dctcrmincd that a 
heating rate of 17°C per minute (1023°C per hour) for 
the 1750 watt furnaces is the best heating rate t2 be 
used with the sequipment on hand. Accordingly, WAIS 
bheat ineai ratei 1023°C per hour wes used=in allesf the 
MLS COn CUC tE. 
Thermoc ۰1۵10 5 

Prisroto plocingothe 6700۹) hinm po y. 
imema dus 1 cells in the samolc (8 ۱٢٢۱60 +1 1 ۶۲ 
were checke? 6" insurc 7 7 67۳۲٦ 
contact with the sample block and that cachWcad Was 
eanterccd in its celle Thon tho precia +1 ٤ 
arsuna tho bhcrmooouplo wirds Were acjuster MENAT 
theyewere flush withethcwyvadiiec! he ccm 
Woights pf Sample 

Allggf the samples use” in the test runs were 
of known weicht, with the cxccpticn C thea Te 
test runs which werc made using cells volnmes Lp ü C ion 
Both the sample ent the 12675 1۹06١4755 5+٠٥ 
the ncarest 0,0041 gram on an eonalyticiifpop +4۶۳۲ 
bof^rc bcinp placc in tho sam ler holoor تال‎ ee 
El E" t> usc a weight `f 0.700 grams x Hm 
27.7777۸5 í the tests. Psr the*sizcoWeofr GNIS the 


sampic holdors usos, this Series wall si Mao ۔.٣‎ 





LOBE placed tneUmer coir and still’ proved 5008 cover 
over the thcrmocouple bcads. 
Preparation of Sample Holder 

When both the sample and the inert material were 
placed in the holder, extreme carc was takcn that tho 
thermocouple beads remained in the ccntcr cf sach cell. 
The material was compacted byetapping the bottomiof the 
CEN. thie resulted LIIMLE LI Ly aos yA O 
consolidation without danger of damage to the thermo- 
couplo°beads. The last step 06۱ ۳9 +772 
holder in the furnace was a check ST Treo mars, s 
ell of the thermocouple circuits by uso Ine: mos 
couple tostcr essembled by Harper and 4 7٦ 
Operation of Equipmcnt 

Aftcr the sample holder had been prepared it was 
placed in the furnaco which wes te be 7 7.0 
۳۰۰۶۰۰70 277ب‎ run. Then thc را تا‎ lugs SM ۹ ۳۲ 
the thergycyupl.s was ernncectcd into the circuit with the 
رم‎ a ine battcrics for opertum NE 
internal circuits 5f thc Brown Potenticmctcr end aime 
Spcedomax wcre then connoctcd (thesc batteries werc 
not disconnectod botwoon a serics -f runs TOU CEU E e 
conncotod niy when the cquipment was LAE woe 
used for somc pcriod of timc). The switches t2 the 
UC be used anc t+ the main poawereaupply were 


then closca. . Ihe cicetranic circeut yee us cae Spo ٦ 
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was allowed to bakice 0071 0۳6000611 001000107070 00001006 of 
the Brown Potenticmoter was balanccd manually. 

It had bcen determined by Merritt and White (17), 
and Harper and Kittorman (9), that a moro uniform heating 
rate and therfore məoro conslstent rosults could be 
obtained by turning cff tho Brown Potentiometor (which 
controls tho travel -f thce time regulating pointer) 
after balancimg the internal cle 56 
indicators at 75°C. By 0 ۰506717۱۳5 ٣۲1ط‎ heleompem= 
sating rhoositat, tho correet imithial volka 0+6 
Variac t= the furnaco could De (25 690. Li hs coc 
opeedomax 73200026-06 000060067 of 75°C had been 
reached the Brown Potonti»mctopb was turno ۰۱ ( 
test was allowcd to cantinuc. it has Last 
this proecdure virtually eliminates the Biine C ir eti 
ofthe bompeeesbupncscontoslomntshenussm.; The temperature 
control indicator, if allewed 6 0 ؤ0‎ 0 pen 
8 mechanical cut->f£ switch at 1200 C. The cut-off 
switch activatos a relay which sut^moatically shuts cff 
cio we». t? tbc eamipment ans furnaces. Inn OVI 
a conliíng curvo is desirec, the BroWmMFo ten +1 as 
6 01 EE 1023°C; the switch t^» the furnace is 
epencc; andethcn the Speedemax will 4 ))+ 17 
um wall recsra ^ Owelingoeurvo. 

When Vacuum Was Used 
Fop the test runs in which a vacaumwuas to be 


applicd ta the sample, the following pr»eoduro Was 





adopted.  Thomspocialgemple honmsemevuwUhNESVoncdocd 
percelin insulatars was usec. These extended porcelin 
insulators were requircd because of the longer com- 
bustinn tube used. This sample holder had the thermo- 
couple leads going Lh Veh e rubber 5 6366677 16 
be taken =i scatvime the rupwer stopper wie as Lo ou 

a tight fit; cA glass tube weas eXtemdelzichrsueh 6 7 
stopper. Shis glass tuber was MEA MC ACO LC CU ENCE 
vacuum pump. As mentioned in the section under "Equip- 
ment", 1 ESS U Ube Was USCC SES a VECINOS 
After tho furnace switch was closed the wWacuum pump was 
startcc, ani the air ovacustod tet sey CNRC HM NOE T- 
metcly 1 mm of mercury. The system was Tiehtzenzueh 

tO Maintain this vacuumef >r quite = few mingtes, but 

te keep the vacuunl constant, the pun? 5weaedlulon was 

۳ی۹۷ ۰13:016 1106770607 ظط ce‏ 

DV1 RECT CC 


raphic roc weds which OTO Rr G 


H 
a 
2 
Y 
۲ 
Gh 
H 
D 
ar 
Gs 
et. 
ay 
O 
آ0‎ 


aut-matically by the “two rece recrsy 7 ۳۷ 
thatztche ۱۹۹۸۹۵۰۱۰۰۱۷ ۱9 9 cata 1s cssential [ ار‎ SSE 
future usc fF, cr work with, the curves. Therefore, 
thc f^ll^wiug Qata was recor@eo fr cacho de 
1. Number of the run: This number usss r 7 
each ^f the curvos. 
5 10206:0006 test 


samplc testen: Thies mincral name eet known,‏ .کت 


e 





zou 


nnd wbhemieeetion from thence نات‎ came, 1! mamo 
unknown. 

4. Standard used: 

See Gmain Size >f samplesend standard: 

6. (QUentity cl 80101700٣٠۷۰۰۳ 071۰ BEY GILE 
ceil volume or weight invenoins. 

7. Incom couple numbers. Reach tnemmoc UP EES 
numeercd s> as t^ be able ts make any ار بت‎ 
necessary گر تاه مها‎ asia 75٤٢ 
209000 339 n. 

8.7 0*1 Junction tomperaturc: e P Pre 111. ٣ 
the nee@gsary corrections ۴ ۶۰۹۱۱" m 
variatii mng: 

SE. ThE Mol TOT 

lO. The furnace ugoni IRS ئ۹‎ n E 
tests tho author conductei ke اه هن و‎ ce 
„was different (scc Equipmont scction). 
11. «Remarks: Deviatióas from stono re E CUE 
cquipmont, meteriol, or any دنا‎ rl nn 
INI TAL m. 
51177771766 6ص‎ 110165 
After eamrleti‘n of « test run, six 1> 
are require! for the furnace to cool Coro m LUT 
inus cooling roquiremcnbt دبا بانط‎ ros trios ٣٣٠٣٣ 
^f tests which can be co^mploto^" in ^ normal work day. 
Vari us meth:‘s cf increasing Cnc cere race of np 


furneccs wore tric” but with ut much success. It is 
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6 7715 10670 thawed cooling might We@eresse the life 
Si Ehle الا نا‎ ۰ Eip sche 1 Urnnce 4. re r G oro 
7799۰۱7000 utilization cl the recorcinge wequi pment requires 


at lcast onerarcimienal fTurnace. 
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INVESTIGATIONS AND OBSERVATIONS 


General 

The tests conducted by*"the author"wer6 along three 
general lines: (a) the first series of tosts were con- 
ductc@ to vomit yathc acetracy OM le 618105 7016 20-0 0855 
present location and to enable thc author to become 
profiedtent in-the usc of the equipment; (by) the second 
serios of Stcsts@weroe conductod mo study ethemceiiceus of 
a chamec inowypes of combustion tubess and the whird 
series of tests were conducted to study the effects of 
the application of a vacuum to the sample during The 
thermal analysis. 

During tho process of ovaluating tho tests conduct- 
cd during thesc invcocstõigatioms, CERT fundamental 
properties of thema rorocntral temporature curve became 
apparens, Some of these properties are discussed vat 
this pot to assist in the cxplanation of thc obsorva- 
tons kak follow. 

As was noted in the section "Theory", the tempera- 
tures at whiteh tho peak endothcrmüc and 17ء‎ ٥ 
reactions take place are va particular propor i s, 
clay mincral, and it is this property ۱۳۳۱۵۲۱ ۱۹۱ ۶ possibic 
the identification of clay minerals by the process Ut 
difforontial thermal analysis. 


The theoretical discussion also indicated that the 


۱ 
= å” s 
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یہ a e‏ مسسسہ سس رو —— = 
ظا دسر تھ © u‏ 
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arcas under the diffcrential tempcrature curves (therefore, 
the magnitudes of the peak reactions) arc proportional 
to the mass ofthe TCC material. “It 39969 Ne t 
that makes possible” the quantitative @nalysis of clay 
mineral s 
All of tho samples to be tested were dried in an 
oven at 40°C for at least 24 hours prior to testing. 
The samples, onec driode stayed in the owen until 1 
of thestests were concluded sm thatapanitienlar type 
of clay. Repeated tests on these samples over an ex- 
tended period of time indicated a gradual decrease in 
the magnitudes of all reactions. It was thus concluded 
that Weaving the samples in the oi isj SC n eae more 
than 24 hours rcmoves not only the hygroscopic moisture 
but some of tho OH lattree water as well. 
ClayaWancrel Structure 
Tha gencral thermal characteristics of aes four 
clay mimgrals used in this invostigation arc discussed 
as DOSE 
H-4 Keolinito, Macon, Georgia: The thermal curves 
(sce Figure 2) show no cvidence of significant 
impurity. They consist sinply of a broad symmotri- 
comiendo thermic pesk at approximately 590°C and a 
very sharp strong exothermic peak 7+ 
990°C. Most investigators agroc that uho ondouhors 
mie reaction a@companms the dehydration of the 


mineral and the cxothcrmic reaction is associatcd 





mou ON 


with the formation of gamma-aluminum oxidc. There 
arc a number of investigators, Grim (5), who believe 
that the loss of OH lattice water is accompanicd 

by a fairly complote loss of structure, and they 
attribute thc oxothermic reaction at 990°C to 


thes formation of mullite. 


H-l2bwHsELoysitc, Bedford, India: ae thermal curves 


(sce Figure #3) show an endothcrmic peak at approxi- 
mately 140^C, a second cndothermic peak at approxi- 
mately 575°C, and an exothermic peak at approxi- 
mately 1000°C. Tho first ondothormic peak is 
attributed. to thc Toss of wareoer ۳ 1 e ENCON 
basal plane surfaces of ار‎ MIC LoS 

The second ondothermic reaction, due to loss of 

OH. mater. tends. Tondevelopzszpeak Age 
lower temperature than that in the case of kaoli- 
nitg, but this poak for halloysitc is asymmetrical. 
It is usually more abrupt on the high-tcmperature 
side than thiossimiserepeak for 2 0 ۱ ۳ ۷ MITAC 
exothermic redietionswhich occurs 1S و‎ 
the formation of gamma-aluminum oxide with the 
possibility also cxisting of the form ۲ ۵ t some 
MUL EEO. 

Bentonite, Otay, Californias Tho thorr EVC 
(see Figure 4) shows endothermic peaks at approxi- 


mately 180°C, 640°C, anc 850°C. An cxothermic 





H-36 


To 


reaction follows the last cndothermic peak and 

has a peak valuc at approximatcly 1020°C. The 
first endothermic reaction peak indicates the 

loss of swelling watcr (that is water held betwcen 
the basal plancs of the latticc structure). The 
sccond ondothormic pcak is attributed to the loss 
Opemogt of thec Lattice Water. However The 

SEWE LUFC is not lost until ۱ +3 777۳ 
peak, at which TEHA OI A teris lost. 

The cxothermic reaction ۶۹)۷۷۶9۹۹۹۷۹۷۹ سئ‎ ٦٣ 
formation ٣۳ 

Illitc, Morris, Illinois: The thermal curves (sco 
Figure 5) shows endothcrmic peaks at approximately 
IE U! 5506, and 950°C. As im the case of the 
bentonite, the first cncothermic EG Se k 
indicates tho loss of sme llo warcr ee ICONS 
ende thormic peak is 616 00 to the ۳۰۱۹۹ ٦ 

mos of the lattice water. The third SAA EE 
کے‎ is characteristic of the loss (ofthe ac: 
OH water. Ihis particular illite 7> 
and it contains a large amount of sideritc. This 
exidizablc matcrial causcs a sharp exeume ric 
7۲۰۰۰۰ 1 0٣ 650°C. There is a 

small cxothermic 366806701 the vaird 
endothermic reaction. This pose 1 biri — 


000608 ٠٘6 ٣) + j| 
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Record of Tcsts Conducted 
I Tests run to verify accuracy of eguipment and to 
obtainsprofi c Iencyzinnee of equipment. 


(a) Check heating rate of 1750-watt furnacos 6 


e 


(bo) Differential thermocouple checks 


(c) H-4 Kaolinite 


ہر جہ 


(d) Cooling Curve 
1 Togtsirunə»to gtudy»stht امھ‎ ۴000 7 in 
types of combustion tubes. 


(a) Alumina in both sample and standerd cells 


NS 


(b) H-4 Keolinitc 
(ojaH=12 Hal loyan te 


(d) H-24 Bentonito 


0( 0 یہ 8 


(G) H-36 Illite 
III Tests run to 90097:6007 00 ۲ 

of a vacuum to the samedc. 

(a) Alumina in both samplc and standard cells 3 

(b )H-4 Kao Linde 2 

(c) H-24 Bontonito 2 

(a) H-24 Bentonito 2 

(c) H-36 Illito 2 
Reas 91 EES ۵ ٩ of Toate 

Bocause of the difficulty exporieneed ؛‎ oe 
and Whitc (17) with the 1750-watt heating elcments in 
the furnaces, the first few tcst runs wee made for the 


primary purposc of secing how uniform a heating rate the 
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1750 watt furnacos would maintain: The results Wore 
highly satisfactory ws sehr as informatie "hc large 
elements: were ablo=to Mmädndeainmthe rate sem by the gear 
end chain=drivon mochanion Tho author had-somswmtroublc 
determining the initial setting on the compensating 
rhcocostat in order to maintainwa uniform heating mañe 

in themeariy stages of «he salga IS Lp Taasmuas overcome 
simply by 2 trial and error proccdurc until 67 7 
Setting was finally determined, This sctting was finally 
gebermined to be between + 1.5 and + 2.0 on the scale 
ofo rheostat. -In conjunction WI CDH ne etc sus, 
crew cabibrationwecer thewadifrerential thormoc atole sas 
checked t> makc suro™all 6 an 
aceurately recordingrlúifforentisl sehoemec dC. 

With regarc to 0606 7 7 72 
incum@ent that took placer laber in the tests is Mecordcd 
here. Im making a routine test, it was discovered that 
the difflontisl thermocouple was not recerding. This 
was ۳ by thé Use So Small بان هی‎ ۱ - ٤۴ 
Unermocoupic hac sudeenly censcd TO ۶۷۹۰ Imm 
cven though a check with the ۰ی 26510610 ۶ ط5ا‎ 
the circuit t> be continuous. The thormocouplomwas 
removed from thc sample holder anc @Ghecked again. AM 
Osten there was no visible evidence anya ee et in 
the thermocouple, thoro wos still no rosetionwio hemuing 


one of the two beads. The conclusion that tho suthor 
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came to was that the beac had bccome oxidized to the 
point it wos no longer sensitive. The circuit would 
st41 pass a Cirettiy applied foltage. This leads the 
euthor to won" Des if possibly tho lifo of all of the 
thermocouples is not-a rather limited one, in which case, 
all of the thermocouplos shoudd bo checker pcoriodically 
by anyone making continuec use of the cquipment. 

A gePieg Of four tests were run using H-4 Kaolínito. 
Two of these tests were run using "ccll volumes" of both 
alumina and kaolinte, cach material boing in the 
grain size 200 mesh t> pan. The rcsults of these two 
tests were thermal curvcs which wcre simildam to the 
thermal curves obtaincd by Hoskins and Hudson (10) using 
a "eel volume" ofwkaslinite of thäs segan size. 
However, the peaks obtrinec in the renetinns were not 
۵۱ ereet as the pcaks obtainec DY Hoskins GM THU San. 
Toye weroden tho weder nf one half the peak values) cb- 
taime bathe other invostigators. The other two tests 
3+3 ا گت‎ wore run using 0.7 grama of mat miei 
MRE coll, “Dae thermal curves ptaincd echecl i vor 
closely as E shape an? magnitude of the reactions 
of the thermal curves obtsosince"by Morpritt cho NUR Ge 
(1%) in their tcsts on similiar mitoriai® of A XN grain 
sizc. 

At thc oenclusion of these tests, waren were run 


forethcessicwpurpesc of m 11 ri zine the author wiv 
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tho techniques involved, it was felt by the author that 
he had an understanding of tho mechanical problems 
involved in use of the equipment as assembled at Rensselaer 
Polytechnic Institute. The author also felt, that inas- 
much as he had been able to reproduce the curves obtained 
by previous investigators, that future investigators 
would be able to reproduce any curves that might bo 
obtained by the author. 
Results’ of Second Scrics of Tests 

Thé second serics of tests werc made necessary 
by tHE Tet hat; in order tos apply a VA EMMA be 
shmplc in the furnace, a combustion tbc MONDE fused 
quartz hec to be substituted for را ای‎ na 
eembusteon-tubc normedly usas in the furnaces ft was 
fob this evnluationethst thc cemeonbec alumin me busti n 
tube in Purnaco Ne. 2 was neplaced by a eembwsUigme tube 
sgtuscsQqusrtz. Purnece. No. ómalds> aid 
epmbus tia" tubo inshaller”, howover;. tage» ono in Burnace Nos 
mos 24 E loummucompere ' to the 12 inch GU FEL CO 
bustugenetubo. inse ۱۵ in BRuübnaeccNeeEmOS 

There Were twolve tests concucted fop thig ciou: 
tienweof the effect ^f tho changesin 0 ٦ 
Tho compesito thermal curvos for H-4 KA] nil OR پ2‎ 
Haakoysaite, H-24 Bontonite, ama 1-6 1 ita inc 
from thesc twelve tcsts are plotted os curves (a) and 


(bon Mlcuresi n 2 Co eee 
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Summarizing the results +f these twelve tests lec 
to the conclusion that, while tho change in eeubusti^n 
tubes had litélo or ngaemnsgusupnbLieecffectoonocbhewU5cati^n 
or magnitudo of tbe roaeti^hsy. 1U “id affect favorably 
the “isplacement of the base line (the zoro-millivolt 
lino of the differential thermal curve). 

1۳5 7٦1.50065 0006 onmothc suas ۹ 7 
thermal analysis has a great “cal of information written 
on the subjeet ^f tac shift -f bte ense Mines Harper 
nno Kitterman (9) mace a thorough investigatianess to 
the nature of the eause of thlesCisplacoment of the base 
livigéwani concludes thats thes locations tennessee 
känc is entircly a funetion of tho mam rie ioe eaer- 
cally tho statc feceompacti ne Voua ot llos 
chnaun silzo, anc ther factors ETAR. CN ٤7 
cogmemetivity 2f the materials). Harper وھ‎ oeo 77 
ASE e nuce that se poncecacithormaleurvcüw ub DEE 
vide a "iuc basc Linc" f-r thc measurement e£ the wmecni- 
taugen >f one ۳ ٤۴ 

Grim (5) says that in »rCor to maintain tho h^ri- 
zombsl position obethe base lineo»sf- tho diff cp ٣٦ 
temperaturc curvc, ivi is nocossouy La ۵ 777۶+ ۶ ۶ 
couple -beads of constant sizc and t: KEC cis 
im’ the ccntors cof the sample an reference weer |. 
Grim als> makes, refenenceet them 'ccomitetieme: 1/8٣٢٣ 


diffusivity" of the material whieh ho Werines as the 





rate at which a point in a hot body wili cool undor 
definite surface conditions. He considers that the dif- 
fusivity of the specimen mey change as it 80 
bccause of the formation of new phases at high tempor- 
tures or because of shrinkage of the sample. Tho offect 
of a gradual change would be to produce a sloping base 
line, Mnd F sieden chanec "Wow 106 10000-۱1907 ۵ 
the base line. 

Phe author wgrecs that ME pri case vot 88096.759 
i thie Base linescan bewattribuced whasch 
take place in the themmal conductivity sf the “sample, 
however, the results of the tests: condtictcdmey egae author, 
which show that a change in typc of combustion tubes 
has an cffect on the base line, disprove the statement 
thee a shift@in base line™es"entircly a fumes tho 
materials being USSLoC. lt is also very Ae CTS 
the gauther to acecpt the theory of Harper and Kitterman 
that the “echcat differential temperatur curth im ENC 
"truc pac cade Attoersim ت۹‎ ٠) 7۰ 
subjected to temperatures up to 1000°C, it is incon- 
colvablo to the author that it will have thc ween ener ے‎ 
meal conductivity et diticrcent temperatures ٥٣٠٦ 
curve as it hod at the same temperatures M 3 7٦٣ 
healing curve. The change caused by thc tere nt 
combustion tubos was toward a more uniform basc line, 


however, thc change was quite small, and thercfore it 
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ls PD biovcdqa that EROS CURES ODER 000000 2 
oeemaustion tubosevi lk bomable o be compared. to curvas 
Obtaincd from comented alumnina combustion tubes without 
fcar of introducing’ a] new Variable mento a و‎ s, 
wold supplied with verlablo@iactons. 
Resulta of 07066 ۲٢ 

The third scrics of bests moro these where che 
alea leworkodonc in ovalusting@tiho cifects of s vacuum 
applicd to differential tlaermal analysis ves. a ceom- 


۱۵ «The initsadletostswUESRe" "run on kaolinite bc- 
causc of the familiar, well-dcfincd themmal تت7 سوہ‎ thot 
could be. cxpccteds. Thon labor ال‎ testo w S EI 
burn ona hallowysitc, a bemken Tees ande annae 
composite thermal curves obtainca from these tegis are 
م7‎ 20000096 as curve (c) on Figures 29, Ou d ae 7 
Gh GC the mino ls 

three of themminerasteseestcd wore rcletively pure 
clar mine ls anc Uhcir reactions were ۵ (۵ 9 ور‎ ls 
slightly Bs the oppsesc$S 60000000-7 0077 000000000707 77 
perdesmof tho analmsis. The locations of the reactions 
worc not affoctod, but the inf leetionspo intemomeric 
curvas: wcre somewhat shaPponede 

In theecase of tho illite,- however, thor e 
v py noticeable roaction. Mnorcas the nora 7۵0 


curvo for the -illite showcd a sharp Cork ١١١ reaction 


: 0 
at approximately 460 C, the vacuum thermal curve showed 
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a conventional second endothermic rcaction at spproxi- 
matcly 570°C , and this reaction was followed by a mueh 
smaller cxothermic reaction at approximately 840°C. The 
illite which was uscd de laaown to contaín a faimly large 
ciao ult. of siderite and- certain organic material. It is 
tho outhorhssbolicf thatsthe vacuum prevented ihe 968 
oxidatioamof the organic. me torial which had caused the 
large exothermic reaction at 460°C, and that the cxo- 
bNewUmPo pocak which ^id occsuwP carn bo Attributed to the 
sidtritc present in the sampl: 

Curves of this particular illite ame same by 
Kerr, Kulp, anc Hamilton (13) after leanne th di ite 
Hel. These curves agree very cihogedsy with theme sel 
tho author an? strongthen his bclicf thet tae vaguum 
tomas to recwec the effect of any dmpuri täesi, amd in 
tac case „I organic matticrgrscliminatcs the 08 ۵ 
aspects Ff tho curve altogether. 

This*is r giignitaiieant fact, as tho- prosor o 
Oli GH hor 194 "hac abin.o fractiagn af soil ar eey 
mataria ls Was Pong Medo difficult the identification 
Prot niweralsoprosent"in the material. Chemical 
treatment is the usual solution to th problem cad 
iotempta are made to oxicizc the material through the 
use ^f >xidbaing agents. However, in there s m r claows 
with a hiph base oxehesngc capacity, en o X PaO can 


tako placu. Where the concentration of Lac GEIS 
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ae iS SUCH taaL onc Viforous euren Merced Is obtrincd, 
thes action may Ciemupt tae cloy mineral Tavteree to such 
an extent that any subsequent results obteined are possi- 
bly quite aafferent Prem Min is truly reprcsemerlive 
of the ibik csnditiond: 

It is thoauthər's belief that the normal oxidation 
of =theeeeranic matcrial Ls preventery aN instead. of 
a rapid oxidation, which woul? procuce an oxothormic 
Besctionsäthe organie matemhal  eithergv pom es (y 
or Decaksmüp in aepyrolysiseeiTeeer. ۶۶ 1+ 777 
pyröalysis”Ts a breaking up of lazec undo tirei MED LC- 
cules into smaller molecules which ir elie. Both 
the Waporization "hd pyr9uysis occuro con 911۷) 
turc rango and because EBC ۹ 0 
1/6 to 1/10 that of water, there is not sufficiont 
change at any Time Uo allo TEC mag ٦ 
ALO ns e 

The author rogrots- that here 0 
time available for mare work on thersub j@et CT TECHE 
ac matoriciarclays, bocauso it ج3‎ +0 UNE 
the use of vacuum tochñiqueo will proves rus ac Paco 
to theo cstoblishcd process of differcntisie sma 


analvsis. 
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CONCLUSIONS AND RECOMMENDATIONS 


In consideration of the tests run and tho litora- 


ture studiod, thc followingeconclusions are drawn: 


ua 


ho mature of the healt control mechanism is such 


= 


that great care must bc taken in starting the 
mechanical timer of the Brown Potentiometer. Xt 

the temperaturo bcgins to Lag the timer, it will 
overcorrcet itself and this will rcsult in e "hunt- 
ing cffoct" whioh will cause the heating rate oO be 
vcry»orratic, and, once stated, inma per 7 
pun, it is almost impossibic toselimin MG 6 
variations taking place in thc actual heating ratc. 

The use of a quartz combustion tuberdocemameect 

tac thermal curve, but it is a favorable CII CO 

n that it- tends to Vessens the displaccment of 62 
oe seline from the zcoroemillivelt Innes = tits 
slightweffuct can be cvaluatcd so as to make thermal 
curves™comparabic with other thermal curvos m 
quantitativc analysis. 

pecause of the nature of the reactions Calemie pl-cc 
in a puse clay, that is iicr 4 déMydravion we. 

a dccomposition, beth of which arc purely 7 
of thc tempcratumc and thesnaturc 1 mineral, the 
prescnce or absenes of a normal MOE E has no 


effcet on these reacviens. Howe ven mm nc r Case 
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of a sample which contains sizcable amounts of 

Organic materiell, Uo use of 777086 

may very well prove to be a valuable tool in the 

7 9+ ۶ 063 و ۷۰ئ۲ 3660165-07 موہ 

analysis to such a samplo. Vacuum technique mms 

very wcll mako unnccossary allol 6 ۶ ۳ 

of Oxidizime agents to soil sampl- s suspected or 

Riel organic material contont 0ر‎ ۹٥٣ 

mate tte danger of an oxchine e SMC SEC TEATE 

Waich may mesk or change the truc nature of tie soma 

Tt is the author's bolioft that 1 ۰۵ Oe 

has a definite place instac SOLS DO roo aa 

that it will prOVCG a voluabDlc iOS ThE P 8+7 
job of idontifying soil samples containing substan- 
tial amounts of "clay-sizc" particles, a person af 
wich aro ol ۶۶م‎ Nature. 

Mr interest of continuing tac رت‎ ۱ ۱ mehe 
application of differential thermal analysis to soil 
identification, the following rccommendation s 601 1 TISSE 

Te is reccommended that tho technique ol ٣۲ 
thermal analysis bu studied further with the cmphasis 
being plzced on its efícct on organic ۱ ۵ 
solls. It is also suggested that Ehe (250 Mc t 
atmespheres ol an incruú gas guch as nitro Oa 


might bo studiod. These ی۹66٦ 7ه‎ 
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2 ۵ رت ۷ ۵ 11 ۵۵2۳10 بل‎ vadeum, in that the oxygen 
necessary for rapid oxidation of tho organic matcrial 


is Gliminated, 





(3) 


(9) 


due 
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AFPENDIX A 


Laboratory Work Area and Sample Preparation Table 
General Views of Equipment 

Recording Equipment 

Vitreosil Combustion Tubo andwspeci al eoanpile solder 


Furnaces and Vacuum Pump 





sample. Prepara tion "ai 














Gencral Vicw of Eguipment 








opecdomax, Typo G, Model S 60000 Series 


0 = 
12 14. 


Brown Rccording Potcntiometor 











Vibrcosil Combustion be amd 


Cemcntca Alumina Combustion rube 





Vitrcosil Combustion Tube 


special Sample Holder 








Furnace #3 with Vacuum Pump 





Furnaces and Vacuum Pump 





APPENDIX B 


Samples of Curves Obtained 
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